
\ RELATIVE METROLOGY GAUGE
F

O The linear relative nmtrologv gauge had reached an XCUZ+XVu
of 0.15 pm rms in vacuum. This meets the 0S1 Iinww gzsged
requirement.

O The accuracy mentioned
two independent gauges
corner cubes.

above WtiS obtained by cmmparing
monitoring the distance between two

O Small changes in the temperature (few milkkgrees)  cause
the two intkferometers to go out of aligmnent with respect to
each other producing a linear drift between the two ga~~ge
readings ( < MI pm rms per measurement).

O A dithering mechanism which moves the beam launcher to
find the optimum alignment position has been developed.
The complete gauge will be tested this summer.
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LASER FREQUENCY STABILIZATION SCHEME
With narrow !’rcqumcy  nmlulaliol) and uliliz.ing Lhe magnitude  of Lhc reflection  coei?icient
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I;ig(lrc 3 :  l)]lasc it])agr  withollt  s])uriolls fritlgc rrjectiol]
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‘1’lle o t h e r  dcriv(d ])aralll<t(’rs g;ivc it]dications of (I]c goodrlcss of  the  al.gori[ll[[l. ‘J’lte  titnl)litude image is a
tncasurc  o f  tll( (Iaality  of tlIr flat fic](l mn)pcl]salio]).  ‘1’he frcqaenc}  i]nagc illforll}s  al)oat tflc  wm})l~le of the ~~istorl
trans(luccr  as  it IJuslles  tllc 1(,s1 f la t .  ‘J’IIc Ofrw ilnagc is a mcasllr( of tllc quality of tl]c dark coro])cnsation  ‘J’llc
“clli-s<l~lar(~” i]llagc  wllicl] i s  for]l)r[l I)y tllc  “clli-squarr)’ v a l u e s  fol cacli  I)ixtl  fit tells wllet}ler  tile fLts acrc)ss  t h e

itllagr arc of (Ile harnr qllality.

Syhletl]atic  crr(,w. ariw (lilt 1{) sl)l]rious r(flectiolls in tl]c  o p t i c a l  s~stcril filldirtg  t h e i r  w a y  i]lto  tllc CCI) ca]llcra.

‘1’liew sl)ltriollh fri]]~(w  111011 Ivilll tllc rrsidaal  vil)ratio]ls  leaki]lg tllroag]l (lie  iso]aliorl systr]]]. SirIce  many images
are ad(led  a t  (acll pistol) tra]ls(lacor sk]), tllr ]Ilotioll  of tflc Sl)lll  ious  fringrs a],’ r e g i s t e r e d  difl’krclltly  by cacl)
rrlllailc(d irlla~(’. ‘1’111 COIIIII)OII  ])art  o f  tlIc s p u r i o u s  fritl,gcs  }vlli:ll sttiys tllc S~2i11)e il) CaC]I ct]])allccd  i m a g e  i.s

callc(’1l (’(1 I)y (11(’ ]Ioll-lill(’il[ (it l)rx)c(dur (’. ‘1’hr ]]]ovil)g ])arl of tllc sparious frillg(s  i s  IIot  ca]]ccllcd  al]d it  a])])ears

as a syst(’]l)a[ic (’rror ill tl](’ rll(’tls(ll(’1))(’llt  r(%lllt.

I II order 10 (Jlitl]illa(t (Il(w hyst(’il]atic (rrors, tllc erltirc (lCl) call]  era is 1]101]]11(,1 orl at] axial rnotiotl stage which
111 OVPh l))’ lllall~  lVil V(’1(’ll~tll S (If (11<’ Ii I>(’r ligll[  1)(’t])f~t](llclll:(r tO tllf ’ I)valll dllr]tlg, (11(’ [~xl)osarc.s. ‘1’llis IIlotioll  is well
\villliil tllo (1(1~(11  of i’t)cilh of [II(, syslrrll a])(l it dow ]~ot catlw l o s s  o f  irllagc r(v,olllliol]. 1( corll])lc(ely  rcltloves tll~

+ysl(’lllalic ~Jrrf)ls  (111~  I(J ~l)llrioiis fri]lgw s ince  they aII ]~rrio(lic  ~vitll tlic ~~avclc]lp,tll of tile Iascr l i g h t .

l~i~. :1 ill)(l  I;ig 1 ill[lsl t’ilt(’ t 11( r(xal(s of tile s])ul”iolls friilgc r,]noval J)loctdulr. l’ig.  3 sllo}vs a l)llase illlage
\Vl(ll S(tillotl  ill’!  (’ill  ll(>l’a. ‘1’lI(H arc Illarly  s])llrious frillgcs arrallgc{l  r e g u l a r l y  ricr(hs tllc ittlage.  ‘J’l Iesc  a r c  c a u s e d

l)y 11][ l)?~Cli- 1’(’fl(Ct([l Iigl]l froll)  I II( (~(~1) ca]]lrra and tlIPy arc ind(  cd frill~es rrl)l(w]]ting tllc ]Jixels  of (Ile carncra
t,ll]algf~(l l))’ tll( ol)ti Cill S~St (’111. l’ig, 4 slIow tl)(’ r(s(]lt of tl~e s~Il)squc IIt IIIC;iSLI IC>It  ICIIt  witl]  tl~c ]Iiovi]lg  CC])

cartlrra. Al l  sl){lriolls  fril]p,w Ilav(’ l~wr] elirllitla(cd I)y th is  ])rocedu]c,

Nc) ol)(ica]  s~s((III  al)(rr;ilioll  rrmm a]i])rar ill tile results since 1)0(11 of llle I,[a]lls follo\v exactly tile salllr ])atl]
(llro(l~;]l {II(, ol)lical s> ’sl(l Il. 11( ’IIC(, Illaliillg a lar~e a])cr till’c s~llface  l]lct rolop,y systr III illvo]vcs  oi]ly  I)arcllasillg

lar~,c (Iiatll<(,r  c(]llill]:l[illp,  illl(l  illlap;i]lg  lrlls(w arid a large dia]l]ctct l)raln s])litt[r. ‘I II(’ rest of tllc sys(cn) fllllctiorls
ilS I)llill,

/\rlot Il(r sollrc(”  of SJ”St($ll  lilt ic ($rrors is tl](’ t(’ll]j)(’r’i( lllr’c drift dllritl<;  tli(’ ltt(;tsllt(ltt(’rtts. ‘J’\vo sa})sequcl]t  )))ea-



I)N’11 Wal’l)ccl dllctotlle

fluctllatil]g lril]l),rat~lrt. ‘1’IIMP (’ff’ccts arr I]ot “noticc(l at llIC A/loo” level  ofrcsolutioti where A i s  tl]e  Ivavclcngth
of tlIP laser light.  lloIvcvrr, tll(y are Ivell J)ro  I)ou  IIcd a t  the A/100(1  ICVC1 of molution. ‘1’0  eli]nitlak SUCII errors

\Yllilc coll]l]ari]l~  II I(:t SLII(IIII’IIt S, tlI( (’X])• SUW for  the  corresl)ondillg  tt]casumllc]its arc it~terlcaved. An almlute
Incasarcnl(t]t (Ieviw Ilas to l~c a c t i v e l y  lc]l]])crature stal]ilizccl (0 s u f f i c i e n t  accuracy to ]Jrcvcl]t  \varpillg due to
fluctlla[i]lg ttll]l)cratllrc. ‘1’llis Il]ay require  specia l  l]loullts for the ](ferctlcc altd  tlIe  trst o])tics.

‘III( r~,l]lai]litlp, soIIrcts of’systotllat,ic e r r o r s  aw tlje rcfcrelicc flat  and tll~ l,cal]lsl)littcr. A l l  lncasure]l]cnts  are
I)rrl’brt]lml  \vi(ll rwl)tc[ t o  a  fixn] o r i e n t a t i o n  of the referrnce f l a t  and tlIe h(all]sl~littcr. All algoritlltll wllicl]
cli]]litta((s lI1(s r(fcrellce flilt figllrc atId tl]e t)camsplit(cr fI~urc  fro]l] tllc l]lt’~ls~lrf’]ll(,]lts i s  u[lclcr  dcvclo[)mcllt.

2.5. Nfl(!:islll’(!lll(  !lit, lkslllts

‘l’lie fig LIrcs i~ig. ~), Ii:;. (i, IJig. 7, l’ig.  8, IJig. 9, lip;. 1 0  sho~v SOIIIC of tllc IC..IIILS  ol)tained usil)g  Illr surface
lllc’trology  gallg(’. Ipirst fiv(’ figl]r~w are (11( wsults o f  two  il]tcrl(’av(d ru]Is  \vitll  100 fra]]lcw cwaddm] a t  cacll  stc],
OY(’I  il lYil  V(’1(’ll&tll.  1’; ;1(’11 I’lllls co]lsihis  o f  S() str]js owr a \Y:\vel(]lgtll  O f  ])isto]l  tlallh(l~l(’(’r ]Ilotion

l:ig.  b slIcm’s tllc sllrfact figlll( e r r o r  oft\vo2° f l a t s  (refcrmlcc a]ld test) ill II IC~Ih[IILIIICIIt  rUII (a) .  lI;aclI oftllrsr
]I]irrors ill’t’ l’ilt  C’(1 ill A/lo I)s IIl[ir lllfil]llfZI Ctlll C’1’. ‘J’llcfig(ll’(’ cc)vrrs  tll(’cclltl’al  1“ hLj IIa IC of tfle  tnirrors.

l~ig (j Snow’s 111(’Sill’f’ilC(’ figll](> rrroroft\vo2° f l a t s  (rcf’crrllcc’  alI{l twt)  ill 111(’:lslll(]]](]lt lull (1)). l’;acl] o f  tllcsr

ll]irrors [ire l’ill(’(1  a t  ,A/10  I)y tll(ir ]I]:llll]f:i(tllrer. ‘J’hc f i g u r e covers  tlIc cr]ltral 1“ wjuare o f  (I)e ]nirrors.

U’ig. ‘7 sll(~ws (110 LIif[ir(’llc(  l)ct\vmt]  {II( t\vo runs ‘1’110  rt]ls  fig IIrc crrol is ]Ic:lrly  A/(i,000.  ‘1’lic following two
fi~urw sII()}v 111( ~lifli’r(’l]ce })tt~vcct] [II(  t\vo CIIIIS  ailalym(l  in a  difl(rcnt way (0 r(~cal tllc illstrutl]c]lt ]Ioise lCVCI

:1])(I tl)l’ t’ff’(’~’ts  of (1’1l)l)t’1’;lllll’(’ (I lifts, ollc of (11(’ rutls is talic’11 to 1)(’ tllc Sulll of tllc t\YO lulls: All  ill)agcstal<c]l  it]

lIIC lllt’:~sllr{’lll(’llts ill’{’ co]lsi(l(t([l to 1)(’ a sillglc, I’LII). ‘1’11(’1), tflc itl(lividl]al r(l]ls  ar( slll)tract(d froltl it.

l>ig.Ssl]oww  ll}((lif[’(’i(]l(( l)((~v(xtl tflc  I)llascrcsu]t of’lun (ii-lI))  and  rllll (+i) \vl]i Icl~ig. ~) s]lo\\, s tllc diff’~rellcc

I)(’l\\’[’t’l]  tll(’ I)l]as(’ rf’s~lll o f  (il+l)) ?1]1(1  Iclll (1)). 1]) tllc fil S t  c a s e  !Il(’ 1111S figur( ctror il]]l)rov(’d sigtlificat]tly, ‘1’lle

11($X(  (’a$.l’  1( ’Y(ill  S all 111)1)11’  I)c)llll(l f o r  111( i]]st,ru]]]ctlt  ]Ioiw ICVCI  itl~lu(lil]g  11)0 fit ([for: 1( is]]ear]y A/60,0001 ins

ill tll( la[p;(  fla( rogioll  \vllicll  altl)osl elltii(ly covers  (I]r  fip,ure.

‘1’lic figllr< lip,, 1 0  slI()\vh 111( r{s(llts o f  a  tcs{ run  With 2.5 frdl]]m  co a(ld{,(l a t  riicl)  ])isto]i  tra]ls(lllcer step
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l’igl]re  5: Surface  figure  error as t[lca~urml  l)y rlIII (a)

Deviation F’rom F la tness  (09/02/940)

F’– V error: 0 .08838  Rms  error: 0 . 0 1 5 5 1

I)iguw 6: Surface figure error a s  Il](asurcd I,y ru]l (1))

Devia t ion  From Fla tness  (09/02 /S14b)

[’-V e r r o r :  0.08916 Rtns e r r o r :  0.0150:3



l)i~,l~(  i: ‘1’lIt (Iiff(’r(’i)ce  l)(tlv((’11  the 1 Ivo runs: (1)) -(/()

F{epeatability (09/02/94b  –  0 9 / 0 2 / 9 4 a )

P - V  e r r o r :  1 . 2 2 9  R m s  e r r o r :  0 . 1  &349

[’igl]re  N: ‘1’tlr diflcrc]lce I,ctiv,rll t h e  tivo  lulls: (d })) - ( a )

R e p e a t a b i l i t y  ( 0 9 / 0 2 / 9 4  a: b - 09/02  /94fi)

l)--V error: 0.8375 Rms error: 0 . 1 5 1 3 4



- ’
5
-.

- u
L

n4.
. .
:

~
.-

H

‘n

-.
0
s

A  /  1 0 0 0
00000. . . ,,

i&Ll&-J”

--



Iigur{’  l o :  ‘J’11( rc])eatal)ility ivilll  rductd  cmad[lillg  IIIitIIIJCl

R e p e a t a b i l i t y  ( 0 9 / 1  l/94b - 0 9 / 1  l / 9 4 a )

P - V  e r r o r :  1 . 1 1 2  R m s  [:rror: 0.1513

I



l~i~llr(  12: ‘1’11(’ ill  JhOllll  C ]Ilet]’ology  gauge IIctclo(lylle  ]tlodalatioll sys(clll
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])rcsrrving  fil)(,r  ill a V?ICIIIIIII  I(wlthrougll, ‘1’l)e light  fm]n (Ite  fil,cr is lnodr-lnatcllcd  to tl)c  cavity I)y a singlet lens
a]ld  rcacllcs [II(’ cayily tllrougll  an axial t]ole ill thr cop])cr  canister af(cr I)assillg  tl]rx)llgh  a ]Jolarizatio]] c i rcula tor  jus t
oatsidc tl)r canisl cr. ‘1’11( liglll  reflected froln Lllr cavity is divcrt~d l~y’ the ])olarizatio]l  circulator to a photodetector
~vllicll a lso  rcsifl(w ill tllr vaci  IuIII cllatnl~cr  n e a r  tll(’ co])pcl  callistcr.

‘1’IIc YaCIIUIII  cllal]ll)(r is a  1“ inner dia]ncter, 1 2 ”  long  conflat vacau]ll tli}~l)l(. ‘1’IIc laser ligl~t a l i g n e d  with

rcsllcct to tl][’ cavity  ill SIICII a }vay to lnakr the ?’J~Ji700 nlodc of tllc cavi ty  to  carry  lnos( of tllc incoming  energy
\Yl]c II t I](’ f’rt’quIIIcy o f  I II(’ i]]l)ut  light tllatchcs the resona]lcc frcqa(ncy c)f tllc Illmle ‘J’lIc alig[llllcrlt is I)crformcd

once \\’llcll 1 hc cllallil>fr  is ol)f’11.  I( s tays  fixed  alld untouctld  aftct tl]c  vacuul[l cllamt)cr  i s  c l o s e d .

‘J’hc e l e c t r i c a l  Sig]]ills  frolll  {lIC ])llotodctcctor inside the cllalnl~c[  arc l~rought  out I)y a vacuutn  fccdtl]rougl) and
tllcj arc (Iet]lodlllatcd  l~y all array of denl(odulators, ‘J’hc outputs (,f tllr Cl(>tllC)ClllIittC)lS  a rc  separate ly  digi t ized hy
a 1(; I)it,  llllllt  i-cllat]llcl /\/l). A sil]gle  Iward c o m p u t e r  co]nputcs t IIc servo f[mll)ack  sigtlals  skid dr ives  tllc ])icu-
rlcct ric aIIcl  tllr [l IcrIIIal  fr(. (ll)acli  ill])uts of l)ot, h of t}lc l a s e r s  tllr[)~]gll  a cllaill of  l(j }~it, I ) /  A ’ s ,  ‘1’wo lasrrs are
Iockcd  to two sulwqacII[  lot]gitl]tlitlal ]nodes of LIIC cavity ~vhich ar( a])l)roxil]lately 3 (.{lIz a]~art,  ‘J’lic frcqac]]cy of
I)otll of t I]c lasers call  I)( t u]lcd  (Iigit ally  l)y i 13 GIIZ illde])ct]dcl]t  Iy. ‘1’llr IIlaxillllllll tutlillg ra]lgc lvithoat a laser

InoLl( 1}0]) is 1.5 (; I17,.

l’ortiolls  o f  tll(’ Iarg( l)o\vtr olltl)ut l)orts (PW 10 II]W)  o f  tllc l;lscrs  arc co]tll)illcd  t o  give  a  h e a t  signfi!  orl a

wid{l)allcl  I)llolc)(l(’t(’ctc)r \Yl]icIl (Iriv(s a  Ili]le digit  frcqac]]ry’  cc)otltfl. ‘1’110  cavity lcllgttl i s  dctrrtllillcd WI)CII I.)c)tll

lasers art Ioclic(! (C) tww sIIIMxlllfI}[  lot]gitudi]ial  Inodcs ‘J’l)c frcqu(ltcy of (Ilc  I)cal sig; t]a] is a direct measarc of the
cavity lcIIg(lI. ‘J’llih Illll[tl)tr i s  read out I)y tl]c  servo  colt]l)uter to c~)lllputc  tllc ca~ity Icng[ll  to 1 ljart in 1 07 . ‘1’llc
II]aill ]~orlio]l of t 1]0 larg(  I)()!vcr  out f)ut, [)orts is kept scpiII aic a]ld it is fd il)[() tlI( al)solute Illctrology IJctcro(lync

]])odalatiotl hJst(, III.

IFig.  12 sllolvs  (1)( alwol~lt(  ]I]ctro]ogy  gaagc llctcrodyl]c  modal  o(io]i Systclll

‘1’llis sjstc]]l gcll(rahs t\Yo i]l(l(l)clld(ll( hctcro~lyne  Il]casurc]ll(llt ljraIIM  \Yitlt itl(lcpctl(lc]]t Icfcrcllce d e t e c t o r s

using only  tlllt’c acollsto-ol)tir”  ll)O(llllilt  OrS. Sc]Jaratc llalf-\vavc l)lal[’s  arc Ilsc(l to corrtct any r e s i d u a l  I)olarizatiol!
rotatio]l ()]) tllr I)(a]))s,



l’igllv 1:1: ‘1’11( [~ljso](]te I]letrology  gauge (Iistatlce lII(TiIsl]r(lII(lI( sys[(.111

A t]sololc” &!all~C (c) “’’’’” ‘ “’’’” ‘
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Sit)c(, [II(, ii]i[ ial accIIIacj of I hc a) Mol]llc tneiro]ogy  gauge is 10 ~nici-c)lls at 1( I lncttrs or cquivalrr[tly 1 Illicroti
at 1 l]leter. tlI( relat iv(. aIICl ti]( a}molute  nlcas~]re))lellt  hcams do JIOi neecl to ovel la]>. A [)iczo- electric t ransducer
C)l) 011(’  o f  ( IIr

action.

3 ,2 . IJas(!l”

corrl(’r cIil I(w aids tl]c rvlativc lnctro]ogy  gauge to lio]d  the ]IIeasur(JIJr IIt d i s t a n c e  constaljt })y servo

St,a])i]izat,iol)  ‘J’(!c]llli(lll(:

‘1’11(’  I)riltcil>le  I)chill(l  ll]e  lasrr stal)ilizatioll t e c h n i q u e  i s  illustrtit, d ill l’ig. 1 4 .  ‘1’l)e fanli]iar rc[lected i n t e n s i t y
derivd, cllol~])(’r St al)ilixilt  iol) systen] is us(d. ‘1’lIc ]ascr flrqucllcy i< made to ]loj) to citllcr s ide  of  the  cavi ty  friligc
atl(l all i[ltrtlsilj’ ]1](’as(i](~lit(>]]t  is tal;(JtI at e a c h  side, ‘1’11( differe)]rc i]] tlJcw ]I)t;(sll](]llc]lts illdicatc h o w  f a r  t h e

laser  fr(’(llltt]cj is a\vay  fron, tll( trtlr rcsoI\aIIce, t! wrvo signal is g(’]lcratcd and a])])  lic(] to tlic laser to IIo]d the
frcqllcllcy at [Ilr r i g h t  valur.

‘1’11(’  (l(’t  ails of t II( ]IIo(llIlal  i(,tl systcjj~ ih illustratc(l  ill l’ig, 17. ‘J’lIe srrvo signal>  are (Icrivd aII(l filtt’red digitally

to for]]) tl]( int(gr;tlors Sllo}vll ill tll( (Iiiigl’:1111,

‘1’IIC Ill(ils(ll(]l](]lt  of tllr ill)  S(llll[(  disliil]c(.  i s l)(rforl]~(d  l,y tollil]:,  tlIr alH,lIIt(.  distal]cc II IeaSIIr(IIICII[  laser }vl)ile

ttlonitotill~ 1 II(’ fri]]g(’ col]l]t(’r ol]t I)([t  of tl)( corrrsl)ou(li]}g IIetcro(lyl)e illtclf(’rc)]l)(t(’r, If tl]e frequency is t und l)y

al) ?]l] 10111)( 1“ aJI(l  .ll Iritlg(w j)ass(d  while t,ll(,  I<tsrr is l)cillg  t~llid, tllc alwolut( (listallc~ 1) is  givcll  l)y 1) =- C.W/l”
Ivllcrf’ c ih tllf sI)w>(I (If li~llt  ‘1’llis teclltli(lllc i s  illllstralcd ill l’ig,  J(; .

‘1’110 al[lol]lll o f  t  (Illillg  is  (l~t rr)l]illcxl  lly t]]c Ilollll)rr o f  cavity  jllotlcs  tllr Ias,cl frt(lorricy p(jes  t,]troug]t  duritig;
III(, tlltlillg.  In i t ia l ly  tllc law] is 1()( ’li(’(1  t o  a  I)articlllar cavity Ino(l{. ‘1’11( lo(liillp,  ih wlcasc(l  aII(l tllc laser is tul Id
<1]1 a]llollllt  wllicll S]);llls h(’y(~l’ill  cavily 1110[1 [’s, At the eII(l of tl]c tutlit]g, 111(’ las(r is again Iockd to tllc Ilcares(

Illai]l cavity ltIo(l(,.  ‘1’11( [Illlitlg, aIIIOIIII( (Jl)t,aitl(,(l  is al] exact, IIlt]ltil)lc of tlt( caJit,y f]w sl)cct,  ra) rarlg( wllicll is

it]del)(ll(l(llt ly tl](asIIr(xl  I)y III( lasrr stal~ilizatioll  syfi(el]t to 1 I)al t ia 107.
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Then, Ihc ahsdu[e lcIIg[lI  I ) is giici] b):

E@l
—.

where c IS he sprecl  0( lighl

‘1’11(  lllll]ll){r  o f  frill~lw  wllicll  Ijasstd I)y is deterlllinecl l,y tllc hetrrodync lllc(rolog,y  fritlgc counter sys(crn wtlic}l
c o u n t s  illtrgcr as wc]l as fracl io)~al fringcx, ‘1’hc instantaflmus fra( tional accura(!’ of tll(’ fringe counter  syslen] is
A/5120. Illlrgratio]l  of t]){ r(sullillg cou]lt’s ill]])roves  th is  accuracy.

3 .4 , l’d’ol’lllall(!(” of Gmlgc Sul)systms

As SlIO\YII ill IJr(’vious  l)al)(’rs. t II( Iillcar  relative ]]]ctro]ogy part of tlIr ,gaup;c is cal)al)le  of au accuracy of 0.15 pm

rl]]s. ‘J’lir sa]II(I Illodula{iol]  SClI(IIIC$  t 1]( sa]IIc dista]lcc  ]tleasurillg a] cllitcct urc all(l llIe sal[lc  friilge coulltcr are used
ill tll(’ al)solutc II ICJtrolop;y gaugr.

‘I’ll<’ f o l l o w i n g  fig,urtw illusl Iat( (Ile ]Jtlfortnallcc’ of rclllaillitl,g  ~,augc suhsystct[ls. ‘J’IIc collll)letc gauge will I)c
ol)cratiolla]  early (his su]l]l)l(’r.

I’ig, l’i SIIO}VS tllc cavi(y tcllll)(’ratur(,  servo ))crforlna]]cv. ‘J’lIc ])lc)t SIIOJVS  lhr ~[ctual cavity  tclnperaturc as mad
I)y a sc]]sor  ll]outlte(l  o]! t II( cavity.

l’ip;. IS SIIOIVS  Illaill  c:ivity I]]o(Ic frillgc as d ig i ta l ly  scanned l)y tll~ stal)ili~atiol]  systrtll. ‘J’lic dclnodulator  outl)ut

is sllowl].  NO(C that (he fritlg,r  Lvi(ltll  is al[llost e x a c t l y  300 kllz.

‘III( figllres  l~ig. 19, l’ig.  20, I)ig. 21 snow tlIc ])crfornla]lce of tllr Iascr scrlo (.lllril]g a four  day con t inuous  run .
‘1’llc laser  was Iockc(l 10 t II(’ Salllt  cavity  frillgc at all tilncs It is Cil])2tl)l(’  of t I’acliillg  t II(’ lcllgtll of tllc cavity w i t h

a]) AI IP]I ~loviatio!l  of fc]v II II II(IIC(I 1[(’rlz for a ti]]]r scale of a day.

l~ig. 22 slIo\vs  t 1](’ I)atl(l!vi(lt  II of tlI( s(’rvo systcIII.  ‘J’llc s(rvo gain is raisfd until tllc servo starts oscillatitlg. ‘1’l)is
o s c i l l a t i o n  occ IIrs  WIICII (11( closml  loo]) gain is ]Iearly  unity. ‘J’lic {>~.cillatio~l  is rrcc)rdcxl w’l]ilc tllc lascl is lockd to
tllc fringe I)y t IIC servo rccor(ling system,

l$i~,  23  slIotvs  t II(’  \vi(ll ra]lgl ( riickillp, al)ili(y  o f  t h e  l a s e r  stnljilizatio)l sc]v{). ‘1’IIc cavity  tllcrlnal servo w a s

t~lrtl(x] ofi’ for a  (IIIJ lo ]~rillp, tll( cavity  tc) atn}~icltt t[>ll]l)(>lzit~ll(’. ‘1’1](’  lascl ~vas tllr]l locked  t o  tllc cavily  and tl]c
cavity  Ileatel srrvo ivas t LIrllc(l 01}.  ‘1’llc I:lstr s[lcccssflllly t racked tll~ l(,llp;tllc]litl~; cavity  resul t ing  ill all ul)])cr  I)ou[ld
for tllc oxl)a[lsiol]  c(mllici,llt Ci\Vity-O\’(’11  asscl Ill)ly. ‘1’11(’  ]11]] Icllgtll is too sl]or[ to (I(tcitllillc  tile exact exl)al]sio]]

co[flici(’]lt.

At I initial ltlcasur(]t]rl)( of tllr cavity Irllgtli IIas l)rctl  l)crfortll((l using (Ilr syslfl]l descril~cd  al)ovc  s h o r t l y  a f t e r
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